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ABSTRACT 



365/184 



A test data pattern, an address pattern, and a control signal 
are supplied from a pattern generator to a test memory. Data 
read from the test memory is compared with expected data 
by an XOR gate. When they match, a compared result that 
represents pass is output When they mismatch, a compared 
result that represents fail is output A match signal WC 
detected by the XOR gate is held in a register. The register 
outputs an inhibition signal to an inhibition gate of the test 
memory. Thus, a write enable signal WE is inhibited from 
being supplied to the test memory. In addition, the inhibition 
signal is supplied to a compared result inhibition gate. The 
compared result inhibition gate causes the compared result 
to be passed and prevents the test memory from being 
excessively written. 

15 Claims, 24 Drawing Sheets 




0:PASS 
|:FAIL 



PROG 
CTR 

CONT 
__ 



,25 
^253 



LOOP 
CTR 



254 



INITIAL 
VAL REG 



255 

s 

251" 



"7252 1 



PROG 
H CTR 



AR1 
AR2 

AR3 
AR4 



INITIAL 

AORS 

REG 



AORS 
ARITHMETIC 
PART 



PRIOR ART 
~*"X AODRESS 
■ Y ADDRESS 



,22 



TEST PAT DATA 
GEN 



\ — * TPD 



CONT StG GEN 



23 



12/15/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 1 of 24 



5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui. 8, 1997 



Sheet 2 of 24 



5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 3 of 24 



5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui. 8,1997 sheet 4 of 24 5,646,948 




CO 
















CM 


evi 


(VI 


(VI 


(VI 


cr 




cr 


X 


X 








X 


X 


CM 


m 




0 


0 










<d" 








ST 






< 


Li. 


0 




u. 




Li. 




Lu 




U. 


u. 


u_ 




0 




0 


0 


0 


0 


0 


0 


0 


O 


0 


O 




1- 




1- 




i- 


t- 


1- 


h- 


h- 


1— 


f- 


H- 








D 


D 


D 


D 


D 


D 


3 


D 




D 




0. 




CL 


Q- 


CL 


CL 


CL 


CL 


CL 


CL 


CL 


CL 




h- 




t- 


1- 


H 


h- 


h- 


h- 




H- 


h- 


1- 




D 




D 


D 


D 


D 


"D 


D 


D 


D 








O 




O 


O 


O 


O 


O 


O 


O 


O 


O 


O 



< CO (j> Q LU U. CD X^- d n^_j Z 

^ <vf Si* St* ST ^"^f-'sf-^-^ <fr sj- 

CD CD CD ^ CD CD CD CD CD CD CD CD CD CD 

Lu Ll Ll_ Ll. Lu [Z Ll. Ll. Ll Li_ Ix. Ll ll ll 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 5 of 24 



5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 6 of 24 



5,646,948 




12/15/2003, EAST version: 1.4.1 



U.S. Patent juis, 1997 sheet 7 of 24 5,646,948 



FIG. 7 



( START ) 



SET A max, Nmax 



S1 



A = 0 



-S2 



CLEAR CTR32 



N = 1 



•S3 
•S4 



READ/WRITE MUT 



US5 



< 



ALL PASS 



S6 

NO 



S8 



N *-N+1 



YES 



S7 



<( N= N MAX ?) > 



NO 



S12 

A—A+1 



LOAD COUNT FROM 
CTR32 TO FAM 5 



ALL MUTS ARE NG 



T 



> 



S9 



YES 



NO 



MAX ? 
^YES 



S10 

L> s " 



CHJ c 



0 K 



3 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent juis, 1997 sheet 8 of 24 5,646,948 



00 

CD 
Ll 



1- 

tx. 
< 

tr. 
o 

cr. 

CL 



r 









CM 








< 






ITI 


CO 

q: 0 




Z 


Q LU 




t—4 





'cm 








e> 




!CM 


0 


q: 


' s 


cr 


1- 




q_ 


0 



10 

OJ 
M 



ro 
10 
OJ 



1 








CM 






en 




< ; 


< 



; ro 




< or 




; < 


< 



m 

CM 



in 
m 

CM< 



PROG 

CTR 

CONT 






LOOP 
CTR 




INITIAL 
VAL REG 







V 
In 

CM 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui. 8, 1997 sheet 9 of 24 5,646,948 



FIG. 9 PRIOR ART 



C START J 

V 



ERASURES : X = 0 



I 



ERASE 



I 



X = X -M 



± 



SET INITIAL ADRS 



S1 
S2 

S3 
S4 



READ OUT MEM 



NO 



I 



S9 I < PASS? Y 

\jr^ V 

YF ^ X< Xm0X ? / 



S5 

S6 



NO 



YES 



S8 



GEN NEXT ADRS 



LAST ADRS ? 



YES 



S7 



C FA'L ) ( PASS ) 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 10 of 24 



5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui.8, 1997 sheet 11 of 24 5,646,948 



FIG. 11 



X ADRS 



Y ADRS 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 Sheet 12 of 24 5,646,948 



u 
-J 



Ll 




12/15/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 13 of 24 



5,646,948 



1 



ro 

CD 



CD 



< 

X 

ro 
< 

x 

CM 
< 



oo 



ro 
GO 



< 


CO 






ro 


£ 




cc 


CD 


CD 




. . CD 


_) • 


Q 


UJ 


UJ 


UJ 


UJ 


o 


< 


cr 


a: 


tr 


cr 



i 



CD 

e 
< 
>< 
i 
i 
■ 
i 



c 
c 



< 

X 

<\J 

< 



■a 



CD 
O 



CO 

o 
< 

Q 

UJ 

> 
< 
_l 

UJ 
Q 



< 

ro 



I3B 


I3C 


I3D 


I3E 


lOr 


I3G 




CD 


CD 


CD 


CD 


CD 




U_ 


U_ 


Li_ 







12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 



Sheet 14 of 24 



5,646,948 



Q start) 

t _ 

ERASURE* :X = 0 
* 



FIG, 14 



SET INITIAL ADRS 



I 



S1 
S2 



ERASE 
~1~ 



X = X +1 



SET ADRS U" 
& LC 



S11 



S3 
S4 



READ OUT 



± 



S5 



$6 ^ [YES 
< ^ 1st OFAIL jy 



NO 



1 



S13 



YES 



<LAST ADRS ?S^ S 
;\ . f 



S7 
S9 



NO 



SAVE DELAYED 
ADRS 8 DELAYED LC 



3 T 



< ^ A FAIL jy 



NO 



S8 



YES 



YES 



S10 



v V 

\ X< Xmox ) 
\NO~ 

cz5d 



S12 



GENERATE PAT 
FOR READOUT 



(pass) 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui. 8, 1997 



Sheet 15 of 24 



5,646,948 




iZ u_ u_ u_ u_ u_ u_ l_ ll 



12/15/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 Sheet 16 of 24 5,646,948 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 1997 Sheet 17 of 24 



5,646,948 



< 



m 

CM 





. Q 




2 


z 


< 


< 




cr 




lu 


O 




o 


o 


2 




LU 




e> 


LJ 




Q 


o 


O 




O 






CL 




O 



C\J 



ro 
in 



m 



cr 

ro 
in 

CVJ 



e? 




o 




rr 


J— 


Q. 


o 














2 






cr 




cr 






< 






CD 



12/15/2003, EAST Version: 1.4.1 



U.S. Patent jui. 8, 1997 sheet is of 24 5,646,948 



FIG. 18 
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APPARATUS FOR CONCURRENTLY 

TESTING A PLURALITY OF 
SEMICONDUCTOR MEMORIES IN 
PARALLEL 



BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for testing a 
semiconductor memory such as a dynamic random access 1Q 
memory (DRAM), a static random access memory (SRAM), 
a flash memory or similar memory. More particularly, the 
present invention is directed to, but not exclusively limited 
to, a memory testing apparatus which is capable of concur- 
rently testing a plurality of semiconductor flash memories in 15 
parallel. 

FIG. 1 is a block diagram showing the basic construction 
of a conventional semiconductor memory test apparatus. 
The semiconductor memory test apparatus comprises a 
tuning generator 10, pattern generator 2, a waveform shaper 2 o 
3, a drivers DR, a logical comparing part 40, and a fail 
analyzing memory 5. The semiconductor memory test appa- 
ratus tests a memory under test MUT (hereinafter the 
memory under MUT is referred to as simply test memory 
MUT). When the semiconductor memory test apparatus is 2 s 
used only for determining whether a semiconductor memory 
is normal/abnormal (PASS/FAIL), the fail analyzing 
memory 5 may not be used. 

The pattern generator 2 outputs an address signal ADRS, 
a test data signal TPD, and a control signal CS to the test 30 
memory MUT in accordance with a basic clock CK gener- 
ated by the timing generator 10. These signals are supplied 
to the waveform shaper 3. These signals are shaped to 
logical waveforms necessary for the test and the voltage 
thereof is raised by the driver DR. The resultant signals are 35 
applied to the test memory MUT. 

With the control signal CS, the test data signal TPD is 
written to and read from the test memory MUT. The test data 
signal RD read from the test memory MUT is supplied to a 
logical comparing part 40. The logical comparing part 40 40 
compares expected data ED output from the pattern genera- 
tor 2 with the test data RD being read. Depending on 
whether or not the expected data ED matches with the test 
data RD, it is determined whether the test memory MUT is 
good or no good (PASS or FALL). 45 

When a mismatch is detected, the logical comparing part 
40 supplies a fail signal to a fail analyzing memory 5. The 
fail information is stored in a memory cell of the fail 
analyzing memory 5, the memory cell being designated with 
an address signal ADRS generated by the pattern generator 50 
2. After the test is completed, the content stored in the fail 
analyzing memory 5 is analyzed 

Li a conventional fabrication line, n test memories MUT! 
to MUT B are tested in parallel on n test channels so as to 55 
improve test efficiency. 

Next, the flash memory will be described. 

In recent years, the flash memory is a non-volatile 
memory having a gained attention by those in the art The 
flash memory has large storage capacity and data stored 60 
therein can be rewritten many times. However, due to the 
construction of the flash memory, with one write operation, 
data cannot be always successfully written so each address. 
Thus, normally, the write operation should be repeated 
several times. The number of times of the write operation 65 
required depends on the type of the test memory MUT. In 
addition, even if the type of the test memory MUT is the 



2 

same, the number of times of the write operation required 
depends on each address thereof. In the data write test for the 
flash memory, when data have been written to all required 
memory cells within a predetermined number of times, it is 
determined that the memory is good. In the data erase test for 
the flash memory, when data have been erased from all 
required memory cells within a predetermined number of 
times, it is determined that the memory is good 

FIG. 2 shows the construction of the logical comparing 
part 40 having n test channels. The logical comparing part 40 
comprises a plurality of logical comparators 4 X to 4„ and an 
allpass detector 43. The logical comparators 4 1 to 4„ receive 
data RD from the test memories MUT A to MUT n and 
logically compare the data RD with expected data ED. The 
allpass detector 43 is constructed of an NOR gate. In this 
example, in each of the logical comparators 4 t to 4n„ a 
mismatch detecting circuit 4X that is constructed of an XOR 
gate compares analog logical determined result with the 
expected data ED at the timing of strobe STRB of input data. 
When the compared result is match (PASS), the circuit 4X 
outputs "0". When the compared result is mismatch (FAIL), 
the circuit 4X outputs "1". The logical comparators 4 X to 4„ 
supply the compared results that are FAIL/PASS status data 
(or simply, F/P data) to the fail analyzing memory 5 and the 
allpass detector 43. The allpass detector 43 outputs a match 
flag MF representing "l tt to the pattern generator 2. 

When a plurality of flash memories are tested in parallel 
at the same time, if the read data RD at a particular address 
of all the test flash memories MUTj to MUT„ matches with 
the expected data ED, the match flag MF takes place. With 
the match flag MF, the pattern generator 2 outputs expected 
data of the next address. When the expected data does not 
match with the read data of the test flash memories MUT 1 
to MUT n the data write test (or data erase test) is performed 
at the same address. (In the following description, only the 
data write test will be explained) When the data write test 
is repeated a predetermined number of times, if the expected 
data does not match with the read data of the test flash 
memories MUT X to MUT n , the flow jumps to another 
process routine and stores data representing that the test 
flash memory MUT is FAIL to a corresponding address of 
the fail analyzing memory 5. 

However, the flash memory has excessively write inhibi- 
tion characteristic where data cannot be excessively written 
to an address where data has been successfully written. 
Thus, when a plurality of flash memories MUT t to MUT n 
are attempted to be tested in parallel at the same time, as 
described above, the number of times of data write operation 
required depends on each flash memory MUT. Thus, if the 
data write operation is performed for a flash memory MUT 
where data has not been successfully written, the same 
operation is also executed for other flash memories MUT 
where the data write operation has been successfully per- 
formed Consequently, such an attempt violates the exces- 
sively write inhibition characteristic of the flash memories 
MUT. This requirement applies to the data erase test 

As a result, so far, a plurality of flash memories could not 
be tested in parallel at the same time. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi- 
conductor memory test apparatus for performing write test 
and erase test free from excessive write operation and 
excessive erase operation. The present invention is a semi- 
conductor memory test apparatus, comprising a pattern 
generating means for generating an address pattern, a test 
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data pattern, expected data, and a control signal correspond- FIGS. 15A-I are timing charts showing the operation of 

ing to a program for detennining a pattern generation the erase test shown in FIG. 14; 

sequence, the address pattern being adapted for designating hq. 16 is a block diagram showing the construction of an 

an address of a test memory, the test data pattern being apparatus according to a fifth embodiment of the present 

written to the designated address of the test memory, the 5 invention; 

expected data being compared with data read from the r™ ~L . M . , . ^ . , 

designated address of mTtest memory, the control signal Jl^^^ a part of the pattern 

including an operation status control signal for wntrowng gC ^f OT 0 2 Sh0Wn 10 nG ' 16; 

the operation status of the test memory, a comparing means nG * 18 * a flow chart shcwhig the operation of a write 

for detennining whether the data read from the test memory 10 test accordin g to the fifth embodiment shown in FIG. 16; 

matches with the expected data, for outputring a compared 19 is a schematic diagram showing a part of an 

result that represents a pass when the read data matches with instruction program stored in an instruction memory; 

the expected data, and for outputring a compared result that FIGS. 20A-D are timing charts showing the operation for 

represents a fail when the read data does not match with the executing the program shown in FIG. 19; 

expected data, an inhibition signal holding means for hold- 15 FIG. 21 is a block diagram for explaining an address 

ing the compared result and for outputting the compared arithmetic operation of a conventional address generating 

result as an inhibition signal when the comparing means part 21; 

oetects the match, an inhibition gate means for receiving the FIG. 22 is a block diagram showing a pipeline construe- 

inhibition signal and for inhibiting the operation status tion of the address arithmetic part shown in FIG 21- 

rnll^^^ eiDS 10 ^ "T* 7 *° 35 20 FIG. 23 is a block diagram showing a simplified con- 

™ 5 "Tl 5^ bemg T"*. * struction of the conventional semiconductcr^mory test; 

and a compared result inhibition means disposed on the ^ ' ' 

output side of the comparing means and adapted for inhib- ™, 

iting the compared result from being output corresponding KG ; 24isa Wc)ckdiagramshowmgmeaddr^ 

to the inhibition signal, an input of the comparing means 25 g"* of m f?**^ according to a sixth embodiment of 

being connected to an output of the compared result inhi- present invention. 

bition means. DESCRIPTION OF THE PREFERRED 

These and other objects, features and advantages of the EMBODIMENTS 

present invention will become more apparent in light of the _ . 

following detailed description of best mode embodiments 30 ^ Krst Eirtf>odiment) 

thereof, as illustrated in the accompanying drawings. ™- Gt 3 is a block diagram showing a semiconductor 

memory test apparatus according to a first embodiment of 

BRIEF DESCRIPTION OF DRAWINGS the present invention. As with the abovedescribed prior art 

FIG. 1 is a block diagram showing an example of a reference shown in nG - 1 > &e semiconductor memory test 

conventional semiconductor memory test apparatus; 35 apparatus com P rises a timin g generator 10, a pattern gen- 

FIG. 2 is a block diagram showing the construction of a "?* *\? wave f°^haper3, a logical comparing part 40, 

logical comparing part 40 shown in FIG 1- m aU * pM> ^ 0R *• **** me memor y 

wnr * Z^IT u *t ^. • „ test apparatus performs a fail analyzing operation, it further 

* block diagram showing the construction of an comprises a fail analyzing memoiy^hownin FIG. 1. In the 

apparatus for prevenrmg excessive wnte operation cone- embodiment shown in FIG. 3, write inhibit gates 44,, 

sponding to a first embodiment of the present invention; 40 44 2 , . . . 44„ are disposed on the in^ut side of drivers DR lt 

FIGS. 4A-N are timing charts for explaining the opera- DR^ . . . DR„ that supply write enable signals WE to n test 

tion of the first embodiment shown in FIG. 3 memories MUT^ MUT 2 , . . . MUT n that are in n test 

FIG. 5 is a block diagram showing an apparatus according channels, respectively, 

to a second embodiment of the present invention; 45 As shown in FIG. 3, the logical comparing part 40 has 

FIG. 6 is a block diagram showing the construction of an logical comparators 4 1? 4^ . . . 4„ which are in n test 

apparatus for obtaining a determined history according to a channels, respectively. 

third embodiment of the present invention; The logical comparators 4 2 , 4 2 , . . . 4 n in the logical 

FIG. 7 is a flow chart for explaining the operation of the comparing part 40 are of the same circuit construction. A 

third embodiment shown in FIG. 6; 50 typical example thereof is shown only in block 4^ The 

FIG. 8 is a block diagram showing the construction of a logical comparator 4 1 comprises a compared result inhibi- 

conventional pattern generator shown in FIG. 1; tion 8 ate 45i 811(1 a write completion register 42^ The 

FIG. 9 is a flow chart showing the operation of an erase compared result inhibition gate 45 x is connected to a non- 
test of a flash memory of a conventional memory test averted O" 1 ? 1 * of &e a^sacccrd detecung circuit 4Xi shown 
apparatus; 55 m FIG * 2 - Tne write completion register 42 A is constructed 

nG.lOisablockdiagramshowmgmeconstmctionofan ° f ^ A d«:ktermmal of me write completion 

apparatus for performing alierase test according to a fourth reglSter 42, is connected to an inverted output of the logical 

embodiment of the present invention; corr^arator 4X, The register 42, outputs a compared result 

naUisabloc^diagramshowingthe construction of a * 2S?"^!!S 

TT : • . result inhibition gate 4S t outputs a compared result of the 

FIGS. 13A-H are timing charts for explaining the opera- logical comparator 4 V For simplicity, FIG. 3 does not show 

Hon of the delay part shown in FIG. 12; 55 a i eveI comparator that is disposed on the input side of the 

FIG. 14 is a flow chart showing the operation of an erase disaccord detecting circuit 4X l and performs logical deter- 

test according to the fourth embodiment shown in FIG. 10; mination and a sample hold circuit that holds the logically 
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determined result at the tuning of the strobe signal STRB. In Next, with reference to the tuning charts shown in FIGS, 

addition, FIG. 3 does not show connections of address 4A-N, the operation of the first embodiment shown in FIG. 

pattern data and test pattern data. 3 will be described. Just before an address is generated, the 

The write completion registers 42 lf 42 2 , . . . , each of pattern generator 2 generates a clear signal CLR so as to 

which is constructed of a D-type flipflop, become "H" with 5 reset the write cornpletion registers 42 u 42 2 , ... 42 rt Next, 

a match or accord detecting signal WC. The match detecting the partem generator 2 generates an address AO and write 

signal WC represents that the write operation is completed enable signals WEI, WE2, . . . therefor. These write enable 

and is received from the disaccord detecting circuit 4X. signals are supplied to the test memories MUT^ MUT 2 , . . . 

When the write enable inhibition signal INH^ which is MTJT rt through the inhibition gates 44 A , 44 2 , . . , , respec- 

generated by the write completion register 42 x , is supplied 10 tively. The write enable signal is supplied to the test memory 

to the inverted input of the write enable inhibition gate 44 x MTJTj three times. In other words, the write operation is 

and a clear signal CLS that is generated just before an preformed for the test memory MUT1 three times. FIG. 3 

address is updated is supplied to the write completion shows the case that the read data matches with the expected 

register 42^ the write completion register 42 t is reset Thus, data ED. When the match output "1 M is supplied to the 

the write enable inhibition gates 44 x , 44 2 . . . . 44 n are 15 inverted output of the mismatch detecting circuit 4X^ the 

normally open. When the write completion signal WC is match output, which is the write completion signal WC, is 

generated, the write enable inhibition gates 44 v 44 2 , . . . 44 rt supplied to the write completion register 42 x so that the 

are closed. In addition, just before an address is updated, the signal level H ("1**) of the data terminal is set to the flipflop. 

write enable inhibition gates 44 lt 44 2 , . . . 44 n are opened The signal level "1", which is the write enable inhibition 

again. 20 INH^, of the output Q of the write completion 

When the write operation is completed, the write enable register 42 1 is supplied to the inhibition gate 44 r Thus, the 

inhibition gates 44j, 44 2 , . . . 44 n are closed. Thus, after the inhibition gate 44 A is closed. In addition, the logically 

write operation is completed at a designated address, further compared result inhibition signal INH CAf is supplied to the 

write operation can be inhibited at the address. logically compared result inhibition gate 45 j. Consequently, 

A read command that verifies whether or not data was 25 me lo gi ca Uy compared result inhibition gate 45 x is closed, 

correctly written to a flash memory is referred to as program A* a result, the output of the gate 45 x is kept to "0", which 

verify unlike with a simple read operation of the memory. In represents PASS, until the flipflop 42j is reset by the clear 

addition to the program verify command, every command signal CLR. Thus, write enable signals WE4, . . . that follow 

that defines the operation of the flash memory is set in the ^ inhibited from being supplied to the test memory MUT^ 

memory by a write enable signal Thus, when the inhibition 30 Consequently, further write operation is not performed for 

gate 44 j is closed against a test memory where write me address 0. 

operation is completed (for example, MTJTj), the program Now assume that when the write operation is performed 
verify command cannot be set to the memory MUIY Thus, four times, data is successfully written to the test memory 
the read operation is not performed for the memory MTJTj. MUT 2 and other test memories (not shown). When the write 
Thus, the mismatch detecting circuit 4X A again outputs 35 operation is performed with the third write enable signal 
FAIL (" 1 M ), which represents mismatch. However, accord- WE3, if the read data RD of the MUT 2 disaccordes with the 
ing to the first embodiment of the present invention, after the expected data ED, "1" is not set to the register 42 T Thus, the 
data write operation is completed (namely, WC becomes AND gate 45 2 allows the logically compared result "1" 
"1"), since the output Q of the flipflop 42 x becomes " 1", the which represents disaccord (FAIL), to pass. At this point, the 
gate 45 t is closed, thereby inhibiting the logically compared 40 AND gate 44^ does not inhibit the write enable signal. The 
result from being output As a result, the PASS status (**()") FAIL signal "1" that passes through the AND gate 45 2 is 
is forcedly set In mis embodiment, the register 42j and the supplied to the NOR gate 43. Thus, regardless of the 
gate 45 x are disposed in the logical comparator 4 t , However, logically compared results of other test memories , the output 
the register 42j and the gate 45 1 may be disposed outside the MF of the NOR gate 43 becomes " 1". When MF=1, the 
logical comparator 4 V 45 pattern generator 2 determines that the flash memory MUT 2 
The write enable inhibition gates 44 x to 44 n are con- nas failed in the write operation. The pattern generator 2 
structed of AND gates. The write enable signal WE is input performs the data write test for the same address AO. 
to the flash memories MUTj to MUT n through the AND In this case, in the logical comparator 41 for the flash 
gates 44 x to 44 n , respectively. The read data RD of each flash memory MUTj that has passed, "1" is set to the register 42 v 
memory MTJT is held in the logical comparators 4 X to 4„ at 50 The signal level "1", which is the write enable inhibition 
the timing of the strobe signal STRB and compared with the signal, is input to the AND gate 44 1 . Thus, data is not written 
expected data ED by the XOR gate 4X, which constructs the to the flash memory MUTi. Consequently, the write opera- 
mismatch detector. The compared result register 42 is con- tion is prevented from being excessively performed at this 
structed of a Dtype flipflop. Inhibition data H in H level is address of the flash memory MUTj. In addition, since the 
always supplied to the register 42. In addition, a clock that 55 write enable signal is not supplied to the flash memory 
is an inverted output of the XOR gate 4X is supplied to the Min\, the program verify command is not set Thus, data is 
register 42. The XOR gate 4X outputs the compared result not read for the verify operation. Consequently, although the 
to the compared result inhibition gate 45, which is con- data RD does not match with the expected data ED. the 
structed of an AND gate. In addition, an inverted signal of logically compared inhibition signal is still supplied from 
the output Q of the register 42 is supplied to the compared 60 the register 42 x to the AND gate 4S X . Thus, the logically 
result inhibition gate 45. In addition, an inverted output of compared result is not output from the AND gate 45 ^ 
the output Q of the register 42 is supplied to the other input thereby representing PASS ("()")• 

terminal of the AND gate 44. The allpass detector 43 is Likewise, other flash memories MTJT that have passed the 

constructed of an NOR gate. An output of the XOR gate write test are prevented from being excessively written. 

4X lT which is the compared result of the test memory MUT, 65 When the write operation is performed for the same address 

is supplied to the allpass detector 43 through the AND gate a predetermined number of times, if the match flag MF, 

45 j . which represents all memories have passed the write test for 
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the address, is not obtained, the pattern generator 2 writes all When the counter 46 counts the number of mismatch 

F/P statuses of the memories to corresponding addresses of times N and thereby the gate 45 is closed, the outputs of all 

the fail analyzing memories 5, clears the registers 42 x to 42„, . the logical comparators 4 t to 4 n become "0". Thus, the 

updates the present address to the next address, and contin- 0Ul p U t of the NOR gate 43 becomes "1". Consequently, the 

ues the test 5 p attern generator 2 does not need to count the number of 

When all the flash memories have passed the write test, occurrences of the write enable signal WE. Whenever the 

the outputs of all the AND gates 45j to 45 n become "0". signal level of the signal MF becomes "1", the clear signal 

Thus, the output MF of the NOR gate 43 becomes "l w . CLR is generated and the command LOAD is supplied to the 

When the pattern generator 2 updates the present address to counter 46, thereby updating the address. While the value N 

the next address corresponding to the match flag MF, before io set to the counter 46 is decremented to "0*\ if the XOR gate 

the write test is performed for the selected address of the 4X outputs PASS ("0"), the inverted output thereof (namely, 

flash memories MUT, the contents of all the registers 42i to "1"), which is a clock, is supplied to the register 42 through 

42 n are cleared with the clear signal CLR and then the write the OR gate. Thus, the same operation as the first embodi- 

test is continued ment shown in FIG. 3 is performed. 

In the first embodiment shown in FIG. 3, the write enable 15 In the fail memory function (AFM) of the semiconductor 

signals are inhibited from being supplied to the test memo- test apparatus shown in FIG. 1, only when a fail is detected 

lies MUTj, MUT 2f . . . MUT n . Instead, chip select signals at each address, fail information is written to a correspond- 

may be inhibited from being supplied to chip select termi- ing address of the fail memory. On the other hand, when fail 

nals of these memories. The chip select terminals are dis- analysis is performed for a memory device such as a flash 

posed in semiconductor IC devices so as to turn on and off 20 memory where write operation is performed several times 

the power supplied to these semiconductor IC devices. With until data is successfully written at each address, informa- 

these chip select signals, the devices can be enabled and tion representing the number of times of the write operation 

disabled performed until passed for a memory cell of each address is 

(Second Embodiment) required. In the second embodiment shown in FIG. 5, 

Next, with reference to FIG. 5, a second embodiment of 25 multiplxers MUXj to MUX„ may be disposed on the test 

the present invention will be described. Since the write channels so as to selectively output the logically compared 

operation for each of the test memories MUT t to MUT n is result output of the logical comparator 4 and the output of 

the same, for simplicity, only the test memory MUT! will be the counter 46 with a selection signal SEL. 

described. In addition, the suffixes representing the construe- When the address is updated, the content of the register 42 

tional parts of the test memory MUI^ are omitted. The 30 is cleared, the content of the register 48 is loaded to the 

difference between the first embodiment shown in FIG. 3 counter 46, and the abovedescribed steps are repeated. If the 

and the second embodiment shown in FIG. 4 is in that a test memory has passed before the write operation is per- 

counter 46, a second register 48, and a zero detector 49 are formed the number of times N, the number of times of the 

additionally provided and that when disaccord is detected a write operation executed so far, that is M, is stored in the 

predetermined number of times, a write enable inhibition 35 counter 46. Thus, the value M is stored at a predetermined 

signal INH^ and a logically compared result inhibition address of a circuit corresponding to the fail analyzing 

signal INH CM are output The counter 46 is normally in hold memory 5 (see FIG. 1), which is disposed on each channel, 

state. While the signal level of the DEC terminal is "1", a instead of the fail data. After the write test, the value M can 

clock FCK that synchronizes with a write enable signal WE be used for analyzing the test memory. In a modification of 

is decrementally counted. 40 the second embodiment, the register 48 is omitted and the 

Whenever the clear signal CLR is generated, with a counter 46 is an incremental counter that counts from "0". 

LOAD command that is a control signal generated by the In this modification, a match detector that determines 

pattern generator 2, a predetermined number of times N of whether the value of the counter 46 matches with a set value 

the write test is loaded from the register 48 to the counter 46. is provided instead of the zero detector 49. In this case, when 

After the LOAD command is generated, the pattern genera- 45 the write test is completed, the counter 46 stores the value 

tor 2 causes a decremental command DEC to become H M, which represents the number of times of the write 

level, thereby opening the AND gate 47 and decrementing operation performed until the test memory passes, 

the value of the counter 46 with the clock FCK upon (Third Emtwdiment) 

occurrence of a fail signal (mismatch signal) "1" that is FIG. 6 shows a third embodiment of the present invention, 

output from the XOR gate 4X. When the number of times of 50 In the third embodiment, analyzing counters 32 t , 322, • • • 

the write operation that has failed at the same address of the 32 n are provided corresponding to the number of data bits, 

test memory MUT matches with the loaded value N, the M bits of a compared output of the logical comparator 4 t of 

value of the counter 46 becomes "0". The zero detecting a first test channel are supplied to first input terminals of m 

circuit 49 detects the signal level "0" and outputs signal level AND gates 32A. Outputs of m AND gates 32A are supplied 

"1". In the test mode where the test result FAIL is recorded 55 to corresponding clock terminals of m counters 3l v The 

in the fail analyzing memory 5 (see FIG. 1), the zero signal level of an enable signal terminal of the counter 31 x 

detected output "1", which is a write command FW, is is always "H*\ Just before the write test is performed, a clear 

supplied to a circuit corresponding to the fail analyzing signal CLR is supplied from a pattern generator 2 to a reset 

memory 5. The mismatch output of the naismatch detecting terminal of the counter 3 X . A clock FCK that synchronizes 

circuit 4X1 is written to the fail analyzing memory 5 through 60 with a write enable signal WE is supplied to second input 

the gate 45. The zero detected output, which is a clock, is terminals of the m AND gates 32A. The AND gate 32A 

supplied to the register 42. Thus, M H" is set to the register 42. corresponding to bit "1" of the m bits supplied from the 

Consequently, Just after the logically compared result is logical comparator 4 X is opened. A corresponding counter 

written to the fail analyzing memory 5, both the inhibition 32 x counts the clock FCK. An output of the counter 32 t is 

gate 45 and the AND gate 47 are closed. In addition, the 65 supplied to an AND gate 34 v Just before the clear signal 

inhibition gate 44 inhibits the write enable signal WE from CLR is generated for each address, with a read command 

being supplied to the flash memory MUT. RDC supplied from the pattern generator 2, the AND gate 
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34 x is opened. The value of the counter 32j is loaded to a 
oaresponding address of a fail memory S v This construc- 
tion applies to other channels of the test memories. Analyz- 
ing counters 32 lT 322, . . . 32 n store the number of times of 
the write operation that has failed for each bit of the test 
memories MUT^ MUT 2 , . . . MTJT n . 

If necessary, write times counters 31 v 31 2 * . . . may be 
provided. A write enable signal WE generated by the wave- 
form shaper 3 is supplied to trigger terminals of the counters 
31 lf 31 2 , . . . 31 R through write enable inhibition gates 44 1( 
44 2 , ... By counting the number of occurrences of the write 
enable signal WE, the number of times of the write operation 
for each address can be counted. The signal level of the input 
terminals of the counters 31 1? 31 2 , . . . 31 n is "H". The clear 
signal CLR generated by the pattern generator 2 is supplied 
to reset terminals of the counters 31 P 31 2 , . . . The values of 
the counters 31^ 31 2 , ... are loaded to corresponding 
addresses of the fail memories 5 lf 5 2 , . . . 5„ through AND 
gate circuits 33 x , 33 2 , . . . 33„ that are opened by the read 
command RDC. 

The write times counters 31^ 31 2 , . . . 31„ and the 
analyzing counters 32 x , 322, . . . 32„ may be constructed of 
memories. In this case* as address information of the counter 
memories, different addresses are set corresponding to the 
maximum number of times of write operation for each 
address of the test memory. As write information, fail signals 
of the logical comparators 4 1? 4 2 , . . . 4 B are supplied. Thus, 
the pass/fail history for each write operation can be written 
and read. 

FIG. 7 is a flow chart showing the process of an analyzing 
counter 32 for counting the number of times of write 
operation that has failed for each address of a test memory. 
At step SI, a maximum address A*^ n< * a rnay{mnrn 
number of valid write times N MAJr are set for a test memory 
MUT. At step S2, an address A is set to an initial address 0. 
At step S3, the analyzing counter 32 is cleared. 

Next, at step S4. the number of write times N is set to 1. 
At step S5, test pattern data TPD is written to the test 
memory MUT and then the test pattern data TPD is read 
therefrom. At step S6, it is determined whether or not all bits 
of the data read at step S6 match with corresponding bits of 
the expected data. When the determined result is YES at step 
S6, since the write operation for the address A is completed, 
the fl ow advances to step S9. When the determined result is 
NO at step S6, the flow advances to step S7. At step S7, it 
is determined whether or not the number of present write 
times N is equal to the number of maximum valid write 
times N*^. When the determined result is NO at step S7, 
the flow advances to step S8. At step S8, the number of write 
times N is incremented by "1". The flow returns to step S5. 
At step S5, the write test is repeated. At step S7, when the 
determined result is YES at step S7, the flow advances to 
stepS9. 

At step S9, the read command RDC is supplied to the 
AND gate circuit 34. Thus, the AND gate circuit 34 is 
opened. Consequently, the value of the counter 32 is loaded 
to a corresponding address of the fail memory 5. Thus, the 
number of times of the write operation that has failed at the 
address A of the test memory is obtained for each output pin 
(each data bit). 

At step S10, when a plurality of test memories are tested, 
it is determined whether or not all the memories have failed 
When the determined result is YES at step S10, the test is 
forcedly terminated. 

At step Sll. it is determined whether or not the address A 
of the test memory is equal to the upper limit Aj^^. When 
the determined result is NO at step Sll, the flow advances 
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to step S12. At step S12, the address is incremented by "1" 
(A=^A+1). The flow returns to step S3. At step S3, the test is 
continued. When the determined result is YES at step Sll, 
the test is completed 

5 Whenever the write test is performed for each address of 
the test memory, the value of the analyzing counter 32 is 
read. Thus, it can be determined how many times the write 
operation has failed at what bit and/or memory. In the above 
example, the analyzing counter 32 was described However, 

io along with the analyzing counter 32, the write times counter 
31 may be used 

At step S9, instead of loading the value of the counter 32 
to the fail memory 5, the value may be written to a 
corresponding address of a memory of a CPU (not shown) 

is in the pattern generator. 

The test pattern generator 2 in the conventional semicon- 
ductor test apparatus shown in FIG. 1 is constructed for 
example as shown in FIG. 8. The test pattern generator 2 
comprises an address generating part 21, a test pattern data 

20 generating part 22, a control signal generating part 23, and 
a sequence control part 25. The sequence control part 25 
controls the operations of the address generating part 21, the 
test pattern data generating part 22, and the control signal 
generating part 23. 

25 The sequence control part 25 comprises an instruction 
memory 251, a program counter 252, a program counter 
controller 253, a loop counter 254, and an initial value 
storing register 255. The instruction memory 251 stores a 
sequence of commands that generates test pattern data. The 

30 program counter 252 designates an address of the memory 
251. The program counter controller 253 controls the 
counter 252 oaresponding to the commands stored in the 
memory 251. The loop counter 254 is used when a loop 
command is issued. The initial value storing register 255 

35 stores an initial value of the loop counter. The instruction 
memory 251 has a sequence control command area AR1, an 
address arithmetic command area AR2, a data arithmetic 
command area AR3, and a control signal generation com- 
mand area AR4. 

40 The instruction memory 251 is accessed with an address 
that is output from the program counter 252. The contents of 
the areas AR1 to AR4 corresponding to the address position 
being accessed are supplied to the program counter control- 
ler 253, the address generating part 21, the test pattern data 

45 generating part 22, and the control signal generating part 23. 
The program counter controller 253 decodes the sequence 
control command of the area AR1, increments or holds the 
program counter 252, or loads the address so as to generate 
a new address and execute the sequence of commands. 

50 When the sequence control command is a loop command, 
the number of times of generation of addresses supplied 
from the register 255 is loaded to the loop counter 254. Until 
the value of the counter 254 becomes "0", whenever the loop 
is executed, the value of the loop counter 254 is decremented 

55 by "1". The address generating part 21 comprises an initial 
address storing register 211 and an address arithmetic part 
212. The address generating part 21 performs an arithmetic 
operation corresponding to a signal received from the area 
AR2 of the instruction memory 251 so as to generate X 

60 address and Y address. 

As described above, due to the construction of the flash 
memory, data write operation should be performed several 
times rather than once. The number of times X of the data 
write operation performed until data is successfully written 

65 depends on the type of the test memory MUT. In addition, 
even if the same type of test memory MUT is used, the 
number of times X depends on each address. In the data 
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write test of die flash memory, when data can be written to (Fourth Embodiment) 

all memory cells within the predetermined number of times FIG. 10 shows the construction of an apparatus according 
X*£tx> it is determined that this memory is good. This to a fourth embodiment of the present invention. The con- 
applied to the data erase test In other words, when data can struction of the apparatus of the forth embodiment is the 
be erased from all the required memory cells within the 5 stao& as me construction of the conventional apparatus 
predetermined number of times, it is determined that the shown in FIG. 1 except that the time necessary for the erase 
memory is good. test is reduced. In FIG. 10, for simplicity, the same parts as 
In the data erase test of the flash memory, the content of mese shown in HG. 10 are denoted by die same reference 
the memory is erased at the same time or block by block. numcnds In the fourth enibodiment, the logical 
Next, with reference to a flow chart shown in FIG. 9, an 10 comparing part 40 further comprises flipflops 4FLj to 
example of an erase test for erasing a plurality of flash w OR gatejFO, and an AND gate 4FA.-The flipfiop 
memories in parallel at the same time will be described. t0 ^ hold/>utput fail signals FAIL of the logical co: 

At step SI, the number of erase times X is set to an initial ^V^^^? =f ^!? F H**^ 

,u& A c , t L ",IT,rJZZTk at iMtf nn> nf t»fl m ffTP m MTJ T is FAIL ( the output of the 

memories MOT, K> MITT, are erased in parallel at the same * te of me fli fl ^ tp ^ ^ 

tame or block ^ block. At s^p S3, the number of erase urnes jjef W ar nMm e o u tput efafig-jttlD SteWE 

X is incremented by 1 . At step S4 a first address of a A^)/tte fcpflops 4FLi [„ 4FL„ are set by the FAIL 

region to be erased ^ designated. At step S5, date is rod of me logical condors 4^ 4„, respectively. The 

from toe designated address of to test memory. At step S6, „ ^ Q ofthe Togical Orators 4, to 4 B a£ suppUed to 

whether or not the compared results ftat are m £fo gate ^ ou £ ms 

cutout from all the logical comparators 4, to 4 (see FIG 2) ^ ^tan ^ 0 ^ on - s ^ me ^ 

™ 1 ££&T*i^t ^fl tne v fiT Unedl ^ t t ,S ^ nal ^ supplied from the pattern generator 2 to the 

YES (PASS) (namely, ^ ch flag MM « i supphed to * fl 4FL ^eby resetting L flipflops 4FL, 

the program counter controller 253) at step S6. the flow ^ t0 ^p{L 

advances to step S7. At step S7 it is detaminEd whether or m nG „ me 2 fc 

SSS^S £5 ^ a ^ ess - Wh , en ? ie adoressdetec^gpa I t24matisnotus g edintheconstraction 

determnedresu^ ^ ^ m ^ feus 4^ M 

2™. f*. « e A^ dC ? gnated ; C fl ° W Prises a delay part 241, an address save register 242, a loop 

returns to step S5 At step S£ the read operation is per- 3Q ^/^^ 343 ^ a save /ioad Control part 244 

formed atthe designated address. When the determined The delay part 241 d^ys bom the addnss generated^ the 

result is YES at step S6, the present address is updated ^ JJ«diig part 21 and the loop cc^t^Ee of Se 

unless the present address is not the last address. When the , „,,„,„ ,cT?JL . ' . . 

determinedresultisYES at step S7, it is deleted that the 2? ^Zft.lT^T^t^ ^ 

.. flu . ~ « « . me save/load control part 244 detected a first PASS 

ento flash r^ory or ab^mere^ 35 (OFAIL=l and AFAIL=0), the address save register 242 and 

^™ofte^rtofteolWFa the loop counter save register 243 store the address ADRS 

(MF=0), the flow advances to step S9. At step S9, it is mA A ; lAA * i T ^ ^ i ^ n , 

\ . . j *u **u i_ J - v . , * Z. ' ^ and the loop count value LC, respectively. The save/load 

determined that the number of erase times X is less than the : . 51.,, ' * * "T 

F aleterrniiied value Xmax. The flow returns to step S2. At ^ ?** ^ ^ 242 and 243 to store the 

*: 0 * ; * j a * 1* m *t delayed address and the delayed loop count value corre- 

step S2, erase opemUon is repeatecL At step S3, fte ^ ^ ^ 0FAIL ^ ^ address 

number of erase dmes X is mcreased by n» After the P enerat ^ a ^ ^^e^control part 25 have 

allerase operation is completed, at steps S4 to S8, read data i, lllt . * 1Vf j --^ " 

. . * r , j j - « ^ 7v . . . , , multiplexers 21M and 25M, respectively. When the erase 

is determined and address is updated from the initial value toci . ■ . ^ a J >>ix>Ii ^ • i 

r nAA „ . xmVT a * * ^ a* * c^r -x test is started, the multiplexer 21M selects the address initial 

ofl fee address as long as MF=1 is detected. M step S6 if yalue of ^ ^ value 211 ^ ^ 

^^S^i,n ST C V S ^ ^hT^ 45 control of the save/load control part m After the AFAILis 

2X S 2toS6 ' Aslon g asFA f takes P la f f anyadoress, detected> ^ mmtip^ 2 1M selects the address of the 

^ 1^ number of addres s ;averegisS242andsup P Uesmead^ 

SSSTSS^V^^ an initial valued the address Jmmetic part 212. When the 

^ * ffl I predetermined times X^t is CTase ^ fa started ^ ^ lex ^ ^ sdects ^ 

J^T™ ^ ^ bl0Ck 50 loops of the initial value register 255 and sets the 

mereor is tail. number of loops to the counter 254. After the AFAJLL is 

When the determined result is YES at step S6, the next detected, the multiplexer 25M selects the value of the save 

address is designated. When the deterrnined result is NO at register 243 and sets the value to the counter 254. 

step S6, the erase operation is performed. In other words, a As shown in FIG. 12, the delay part 241 is a known 

pattern supplied to the memory MUT depends on the deter- 55 interleave circuit comprising m multiplexers MUX A to 

mined result of the designated address. The determined MUX^ m registers REG X to REG m , a multiplexer 241M, a 

result (MF=0 or 1) is input to the test pattern generator 2. write counter 241WC, a read counter 241RC, and a flipflop 

Since the pattern generated by the test pattern generator 2 241F. The address ADRS and the loop count LC are input to 

depends on the input of the detennined result, the wait time first inp Uts 0 f the multiplexers MUX 1 to MUX^ Output 

becomes long. ^ signal of th e multiplexers MUX X to MUX„ are written to 

When the determined result at a particular address of a the registers REJG X to REG m , respectively, in synchroniza- 

sequence of addresses has been FAIL, even if there are tion with each pulse of the clock CLKA. The multiplexer 

addresses that have been determined PASS in the preceding 24 1M cyclically and successively selects the outputs of the 

erase operation, all the sequence of addresses are tested from registers REGj to REG m and outputs the selected data in 

the begiiining. Thus, the test time becomes long. This is 65 series. The write counter 241 WC cyclically and successively 

because the addresses that have been detennined PASS are selects one of the multiplexers MUX 1 to MUX^ for one 

redundantly tested. period of the clock CLKA in synchronization therewith. The 
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md counter 24 IRC controls the multiplexer 24 1M so that 
the contents of the registers REG! to REG m are cyclically 
read in synchronization with the clock CLKB. The flipflop 
24 IF outputs the output data of the multiplexer 24 1M in 
synchronization with the clock CLKB. Output signals of the 
registers REGj to REG m are supplied to second inputs of the 
multiplexers MUX! to MUX^ respectively. Thus, the mul- 
tiplexers MUX : to MUX^ are selected for the period (m-1) 
of the clock CLKA. 

The delay amount Td of the address counter and the loop 
counter is given by the time Td after an address is generated 
by the address generating part 21 until the logically com- 
pared results AFAIL and OFAIL of data read from the 
address of the MUT are supplied to the save/load control 
part 244, The period of the clock CLKA is equal to the 
period of the clock CLKB. The clock CLKB has a phase 
with a delay of Td against the clock CLKA. Thus, as shown 
in FIGS. 13A-H, the input address ADRS of the delay part 
241 is a sequence of m rows of data, each of which has a 
delay of the period of the clock CLKA. The mrows of data 
of the input address ADRS are cyclically and successively 
selected by the multiplexer 24 1M. Thus, the multiplexer 
24 1M outputs the address ADRS with the delay of Td. In 
addition, the loop count value LC (not shown) is delayed by 
the interleave circuit in parallel with the address ADRS. 

In the fourth embodiment shown in FIGS. 10 and 11, the 
address arithmetic part 212 of the address generating part 21 
successively generates addresses in synchronization with the 
test clock CK without need to wait for the logically com- 
pared result P/F. The save/load control part 244 causes the 
save registers 242 and 243 to store the address ADRS and 
the loop count LC delayed by the delay part 241 correspond- 
ing to the first OFAIL (however, AFAIL=0). Thus, the save 
registers 242 and 243 store the address and the loop count 
value where the logically compared result of at least one test 
memory MUT is not AFAIL, but OFAIL. At this point, the 
address arithmetic part 212 has generated the next address. 
In other words, in the conventional construction, whenever 
information corresponding to FAIL or PASS (for example, 
MF or OFAIL), which is the compared result of the address, 
is received from the logical comparing part 40, since the 
command to be executed is controlled by the program 
controller 253 in the pattern generation program sequence, 
the address generating speed cannot be increased 

On the other hand, according to the fourth embodiment of 
the present invention, since the save/load control part which 
operates independently from the program counter controller 
253, is provided, only the address generating arithmetic 
operation of the address arithmetic part 212 can be repeat- 
edly executed until desired conditions of the logically com- 
pared result (OFAIL=l and AFAIL=0) are detected. Thus, 
the apparatus according to the fourth embodiment can 
perform test at higher speed than the conventional apparatus. 
In the conventional apparatus, when the all erase operation is 
performed, to determine the result of the erase operation, the 
addresses of the test memory should be read from the initial 
value stored in the address initial value register 211. Thus, 
sequential addresses that have been determined PASS 
should be read and logically compared. Thus , time loss takes 
place. However, according to the fourth embodiment of the 
present invention, since an address and a loop count value 
thereof where OFAIL (OFAIL=l and AFAIL=0) is detected 
are stored in the save registers 242 and 243, respectively, 
when the next address generating sequence is executed, the 
values of the registers 242 and 243 are set to the address 
arithmetic part 212 and the loop counter 254, respectively. 
Thus, in the region of the address initial value to the address 
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where the OFAIL was detected, the read operation and the 
logical comparing operation can be omitted. Consequently, 
the test time can be reduced. 
FIG. 14 is a flow chart showing the operation of the fourth 

5 embodiment shown in FIG. 10. FIGS. 15A-I show the case 
that OFAIL=l and AFAIL=0 at address A2 and that 
OFAIL=l and AFAIL=1 at address Ai+1. 

At step SI, the number of initial erase times X is set to 
"0". At step S2, the initial address of the register 211 is set 

10 to the address arithmetic part 212. At step S3, the entire 
content of the test memory or a block thereof is erased at the 
same time. At step S4, the number of erase times X is 
incremented by "1". At step S5, data is read from a prede- 
termined address of the memory MUT. At step S6, it is 

15 determined whether or not at least one of test memories is 
FAIL. When the determined result is YES at step S6, the 
flow advances to step S7. At step S7, it is determined 
whether or not the detected OFAIL is the first FAIL after the 
erase operation has been performed. When the determined 

20 result is YES at step S7, the flow advances to step S8. At step 
S8, the delay address and the delay loop number where the 
first FAIL was detected are stored in the save registers 242 
and 243, respectively. The flow advances to step S9. When 
the determined result is NO at step S7, the flow advances to 

25 stepS9. 

At step S9, it is determined whether or not all the test 
memories are FAIL (namely, AFAJL=1). When AFAJQL^l, 
the logically compared result of read data performed after 
step S3 represents that at least one address of each MUT is 

30 FAIL. Data of each memory cell of the flash memory is not 
erased by one erase operation. Thus, at X=l, AFAH^O does 
not take place in most cases. Next, the flow advances to step 
S10. At step S10, it is determined whether or not the number 
of erase times X is less than the predetermined value. When 

35 the detennked result is NO at step S10, it is deteniiined that 
all the memories MUT are FAIL. When the determined 
result is YES at step S10, the flow advances to step Sll. At 
step Sll, the delay address and the delay loop number stored 
in the save registers 242 and 243 are set to the address 

40 arithmetic part 212 and the loop counter 254, respectively. 
The flow returns to step S3. At step S3, the allerase operation 
is performed again. Thereafter, the abovedescribed steps are 
repeated. In the forth embodiment, the address where the 
read operation is performed at step S5 and the determination 

45 is performed at step S6 in the second or later erase operation 
(X is larger than or equal to 2) is the delay address stored 
when FAIL=1 (however, AFAH>0) is detected Thus, since 
the test cycle for the region in the range from the initial 
address to the delay address is omitted, the time for the erase 

50 test can be reduced 

When the determined result is NO at step S9, along with 
the condition of OFAIL=l at step S6, at least one memory 
MUT is PASS. Thus, the flow advances to step S12. At this 
point, the pattern generating parts 21, 22, and 23 generate 

55 patterns necessary for read operation and logical comparing 
operation (namely, increment of address). The flow returns 
to step S5. At step S5, the data of the updated address is read. 
At step S6, it is determined whether or not OFAIL was 
detected. When the detennined result is NO at step S6, data 

60 of the memory cell at the present address of all the memories 
MUT has been erased. The flow advances to step S13. At 
step S13, it is determined whether or not the present address 
is the last address. When the determined result is YES at step 
S13, the MUT is PASS. When the deterrnined result is NO 

65 at step S13, the flow advances to step S12. At step S12, the 
address is updated for reading data. The flow returns to step 
S6. 
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When the write test is performed by each of the semi- 
conductor memory test apparatuses shown in FIGS. 1, 3, 5, 
6, and 10 for the flash memory by repeating the write test for 
each address of the flash memory, as the number of times of 
the write operation increases, the number of addresses that 
have not been passed decreases. However, in the above- 
described tests, whenever the write operation is performed, 
all addresses are generated. Thus, the test time for each write 
operation is the same. In other words, for addresses that have 
been passed, whenever the write test is performed, the write 
enable signal WE is inhibited from being supplied. 
However, in the operation cycle, the write test is substan- 
tially performed. In other words, since addresses that have 
been passed are repeatedly determined, the number of times 
of the test is not decreased and thereby the test time is not 
reduced. 

(Fifth Embodiment) 

FIG. 16 shows an apparatus according to a fifth embodi- 
ment of the present invention. In the fifth embodiment, the 
problem in the convention construction and the above- 
described embodiments is solved. As shown in FIG. 16, in 
the fifth embodiment, two fail analyzing memories 5A and 
SB are provided. The two fail analyzing memories 5A and 
5B are controlled with read/write control signals RWA and 
RWB so that when one of the memories 5A and 5B is in read 
mode, the other is in write mode. In addition, one of a match 
flag MF received from a logical comparing part 40 (similar 
to those of the abovedescribed embodiments) and a fail 
information FAIL read from the fail analyzing memories 5A 
and SB is selected by a multiplexer 6. The multiplexer 6 
outputs a match flag MF. The match flag MF is supplied to 
a pattern generator 2. 

As will be described later, in the fifth embodiment, FAIL 
information obtained in the last write test is stored in one fail 
analyzing memory (for example, SB). When FAIL=1 as the 
former test result has been written to a corresponding 
address of the fail analyzing memory SB for each address of 
the test memory MUT in the present test, by executing the 
program setup operation, program (write) operation, and the 
program verify operation, the write test is performed When 
the result of the test is FAIL, it is written to a corresponding 
address of the fail memory 5 A. When FAIL^l has not been 
written to the fail analyzing memory 5B (namely, the result 
is PASS), the operation cycle is omitted and the next address 
is tested. Thus, as the number of addresses that have been 
passed increases in the write test, the test time for these 
addresses is reduced. Consequently, the write test for many 
memories can be executed in a short time. When the next 
write test is started, the content of the fail analyzing memory 
SB is erased. Thereafter, with reference to the content of the 
FAIL information in the fail analyzing memory 5A, similar 
test is performed The fail information, which is the test 
result, is written to the fail analyzing memory SB. 

FIG. 17 shows the construction of a program counter 
controller 253 of the pattern generator 2 according to the 
fifth embodiment of the present invention. In addition, FIG. 
17 shows a program counter 2S2 and a part of an instruction 
memory 2S1. The program counter controller 253 comprises 
a decoder 253D, a multiplexer 253M, a start address register 
253SR, and a branch address register 253BR. 

When a pattern generation program stored in the instruc- 
tion memory 251 is executed, the register 253SR that stores 
a start address of the program is selected by the multiplexer 
253M. Thus, the start address is loaded to the program 
counter 252. A sequence control command corresponding to 
the start address of the instruction memory 251 is decoded 
and the next operation of the program counter is determined 
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The program counter 252 executes one of hold (NOP), 
increment (INC), and load (LRD) operations. When the load 
operation is executed, one of an operand of the instruction 
memory 251, the start address register 253SR, and the 

5 branch address register 253BR is selected with a sequence 
control command by the multiplexer 253M. 

The pattern generation program commands includes a 
match flag sense command that controls the generation of 
the sequence corresponding to the logically compared result, 

10 which is the output of the test memory MUT. When the 
match flag sensor command is executed, if the output of a 
designated pin of the test memory MUT matches with the 
expected data ED, a match takes place. In this case, the 
logical comparing part 40 outputs a match flag signal MF to 

IS the pattern generator 2. With the flag MF, the program 
counter 252 is incremented by "1". When the match does not 
take place, an operand is loaded from the instruction 
memory 251 to the program counter 252 through the mul- 
tiplexer 253M. Normally, the pattern generation program is 

20 designed so as to form a loop that waits for the flag MF unto, 
the match takes place. When the match does not take place 
after the loop was executed a predetermined number of 
times, the process branches to an address designated by the 
branch address register 253BR. Although there are other flag 

25 sense commands that perform different operations, since 
they are out of the scope of the present invention, men- 
description is omitted. 

The flash memory is a nonvolatile memory that has a large 
storage capacity and is rewritable a large number of times. 

30 The flash memory has a sequence of operation modes such 
as data read mode, write mode (program mode), write verify 
mode (program verify mode), and erase mode. These opera- 
tion modes are set by writing predetermined commands to 
the controller of the memory with a write enable signal. The 

35 flash memory does not have a dedicated command input 
terminal The commands are input from data terminals of the 
flash memory. The switching of the data input mode and the 
command input mode is performed by varying the voltage of 
the power supply terminal. 

40 FIG. 18 is a flow chart For explaining the procedure of 
second or later write test performed for the flash memory 
according to the fifth embodiment of the present invention. 
In the first write test, the multiplexer 6 selects the output of 
the logical comparing part 40. At this point, since the result 

45 of the write test has not been written to the fail memory, the 
first write testis performed in the same manner as that of the 
conventional apparatus. The write test is performed succes- 
sively for each address without reference to the fail memory. 
The FAIL information is written to a corresponding address 

50 of one fail memory (for example, 5A). After the first write 
test was completed, at step SI, the number of write times 
RETRY is set to *T\ At step S2, the content of the other fail 
memory 5B is erased. At step S3, initial address ADD=0 is 
generated. At step S4, the former FAIL information is read 

55 from a corresponding address of the fail memory 5A and it 
is determined whether or not the write operation (program) 
has been completed. When the determined result is NO at 
step S4, the flow advances to step S5. At step S5, the address 
is stored in the test memory. The command of the program 

60 setup mode is written from the data terminal. At step S6, the 
program mode takes place. In the program mode, data is 
written from the data terminal. 

At step S7, the present mode is changed to the verify 
mode while the write data is held. At this point the con- 

65 troller of the memory reads the data therefrom and compares 
it with write data. When they do not match, a program fail 
signal FAIL is output from the test memory. Thus, it is 
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determined that the write operation failed at this address. 
Data FAIL is written to a corresponding address of the fail 
memory SB. At step S8, it is determined whether or not the 
address ADD is equal to the maximum address MAX. When 
the determined result is NO at step S8, the flow advances to 
step S9. At step S9. the address ADD is incremented by "1". 
The flow returns to step S4. At step S4, the same write test 
is performed. The compared results are written to the fail 
analyzing memory 5A and the sequence of these steps is 
repeated for all addresses to be tested. When the determined 
result is YES at step S8, the flow advances to step S10. At 
step S10, it is determined whether or not all addresses have 
passed. 

In the fifth embodiment, when the last test result read 
from corresponding addresses of the fail analyzing memo- 
ries 5A and 5B has passed (programmed) at step S4, the 
write tests at steps S5, S6, and S7 are not executed but 
jumped to step S8, thereby remarkably reducing the test time 
of the memory test. FIG. 19 shows an instruction program 
that executes steps S4 to S9. 

In FIG. 19, code NOP in the sequence generation com- 
mand area AR1 represents an operation code that simply 
increments an instruction address of the program counter 
252. If the former test result is PASS, a conditional jump 
code JIP at address STO of the instruction memory causes 
the flow to jump to address ST1 of the instruction memory. 
Otherwise, the conditional jump code JIP causes the flow to 
advance to three NOP operation codes at three successive 
addresses that follow. In the control signal generation area 
AR4 of these three addresses, commands that generate 
program setup control signal, program control signal, and 
program verify control signal are written. At address ST1 of 
the instruction memory, a jump code JMX is written. The 
jump code JMX causes the test address ADD to increment 
and the flow to jump to counter address STO. Thus, by 
executing the instruction sequence shown in FIG. 19, steps 
S4 to S9 shown in FIG. 18 can be repeatedly executed. 

FIG. 20A-D are timing charts for which the instruction 
sequence shown in FIG. 19 is executed. Test address A for 
the MUT represents that former test result information MF* 
read from the fail analyzing memory is FAIL. Thus, the 
write test is executed in three cycles of program setup (data 
input), program (write), and program setup (read). The next 
two test addresses A+l and A+2 represent that the former 
test result information MF read from the fail analyzing 
memory is PASS. At these test addresses, the three cycles are 
omitted. Thus, the flow advances to the next test addresses 
A+2 and A+3. Consequently, the test time of the MTJT can 
be reduced. 

In the write test of the flash memory, each address will not 
pass with one write operation. Thus, at step SU, it is 
determined whether the number of write times RETRY is 
less than the predetermined times MAX. At step S12, the 
number of write times RETRY is incremented. At step S13, 
the content of the fail memory 5A where the former FAIL 
information was read at step S13 is erased. The flow returns 
to step S3. In the third or later write test, the test is repeated 
in the same address sequence. As described above, in the 
flash memory, data is inhibited from being rewritten to an 
address where data has been successfully written. Thus, with 
reference to the fail analyzing memory that stores the former 
test results, the write enable signal is inhibited from being 
supplied to addresses that have passed. When data can be 
written to all memory cells of the test memory with the write 
operation performed within the number of the predetermined 
times (for example. 20 times or less), it is determined that 
this test memory is good. 
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The conventional semiconductor memory 21 has a pattern 
generator 2 as shown in FIG. 8. The pattern generator 2 has 
an address arithmetic part in the address generating part 21. 
As shown in FIG. 21, the address arithmetic part comprises 

5 a base arithmetic part 21B, a destination arithmetic part 21D, 
and an address descrambler part 21S. The base arithmetic 
part 2 IB generates an address of a considered cell. The 
destination arithmetic part 21D generates an address of a 
disturb cell against the considered cell. The address 

1Q descrambler part 21S converts a logical address into a 
physical address. As shown in FIG. 22, these parts are 
pipelined. Thus, since these parts are preprocessed, a pattern 
can be generated at high speed. Each of these parts is further 
divided into a plurality of cycles so as to increase the process 
speed. The disturb address is an address of an adjacent cell 

15 of the considered cell and generated to check the effect of the 
write operation. Since conventional DRAM and SRAM each 
have a decoder that scrambles input address data, the address 
descramble part converts a logical address generated 
through the base arithmetic part 21B and the destination 

20 arithmetic part 21D into a physical address corresponding to 
the test memory MUT. 

For example, in the base arithmetic part 21B, the arith- 
metic operation performed after a code command for des- 
ignating an address of a considered cell is input until the 

25 result of the arithmetic operation is output is divided into for 
example three steps (1) fetching the code command (ST1), 
(2) decoding the code command (ST2), and (3) performing 
arithmetic operation for the decoded command (ST3). Thus, 
the arithmetic operation can be executed in a pipeline 

30 construction consisting of three stages. Each step is isolated 
by a flipflop FF. The destination arithmetic part 2 ID per- 
forms much more complicated arithmetic operation than the 
base arithmetic part 2 IB. Thus, the number of stages of the 
pipeline construction of the destination arithmetic part 21D 

35 should be further divided. This applies to the address des- 
rcpamble arithmetic part 21S. Assuming that the number of 
stages of the pipeline of the base arithmetic part 21B is N, 
the number of stages of the pipeline of the destination 
arithmetic part 21D is M, and the number of stages of the 

40 pipeline of the address descramble arithmetic part 21S is L, 
a total number of stages of the address generation pipeline 
becomes W=(N+M+L). 

When the write test of the flash memory is performed, as 
shown in FIG. 23, the sequence control part 25 of the pattern 

45 generator 2 executes a conditional branch command in the 
pattern generation sequence corresponding to the deter- 
mined result of for example match flag MF. However, the 
conditional branch command causes a pattern to be gener- 
ated to the test memory MUT, the partem to be input, the test 

so memory MUT to be evaluated, and a branch control corre- 
sponding to the determined result to be performed. In this 
case, a preprocess for executing the next command upon 
completion of the determination of the test memory MUT is 
performed. This operation is referred to as "reloading a 

55 command to the pipeline". In the test of the flash memory, 
the time necessary for the preprocess causes the test time to 
increase. Unlike with DRAM and SRAM, in the flash 
memory, the input address is not scrambled. In addition, the 
write operation and the erase operation are repeated several 

60 times until they are successfully performed. Moreover, the 
entire data of the flash memory or a block thereof is erased 
at the same time. In the write and erase tests for the flash 
memory, at present time, the disturb test for each memory 
cell is not required 

65 (Sixth Embodiment) 

FIG. 24 shows a semiconductor memory test apparatus 
according to a sixth embodiment of the present invention. In 
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the sixth embodiment, the pipeline of the address generating 
part 21 shown in FIG. 22 of the pattern generator 2 in each 
of the semiconductor memory test apparatuses shown in 
FIGS. 1, 3, 5, 6, and 16 is constructed in such a manner that 
the output of the base arithmetic part 21B and the output of 5 
the address descramble part 21S are input to the multiplexer 
7. The multiplexer 7 selects one of the inputs depending on 
whether the test memory MUT is conventional DRAM/ 
SRAM or flash memory. 

In other words, the address generating part 21 according 
to the sixth embodiment comprises a base arithmetic part 
21B, a destination arithmetic part 21D, an address 
descramble part 21S, and a multiplexer 7. The base arith- 
metic part 21B generates an address of a considered cell Hie 
destination arithmetic part 2 ID generates an address of a 
disturb celL The address descramble part 21S converts a 13 
logical address into a physical address. The base arithmetic 
part 21B, the destination arithmetic part 21D, and the 
address descramble part 21S are connected in series. A first 
input of the multiplexer 7 is connected to an output of the 
address descramble arithmetic part 21S. A second input of 20 
the multiplexer 7 is connected to an output of the base 
arithmetic part 2 IB. When the memory test is started, a skip 
mode signal SM is applied to a switching terminal through 
a pattern generator 2. Thus, one of the arithmetic result of the 
base arithmetic part 2 IB and the output of the address ^ 
descramble part 21S is selected and output 

In the write test of the flash memory, data is successively 
written to memory cells and it is determined whether these 
memory cells are PASS or FAIL. Thus, addresses can be 
generated by a simple incremental operation of the base 
arithmetic part 21B. Thus, it is not necessary to perform 30 
destination arithmetic operation and address descramble 
arithmetic operation that require complicated operations a 
large number of rimes. The arithmetic operations performed 
in the base arithmetic part 2 IB are for example+1, 1, *2 (* 
means a multiplication), and/2 (/means a division). 35 

The semiconductor memory test apparatus having the 
address generating part 21 according to the sixth embodi- 
ment performs the test of the conventional DRAM and 
SRAM by connecting the output of the address scramble 
part 21S to the multiplexer 7. The apparatus performs the 40 
write and erase tests of the flash memory by connecting the 
output of the base arithmetic part 2 LB to the multiplexer 7 
with the skip mode signal SM. In this case, the destination 
arithmetic part 21D and the address desaamble part 21S are 
bypassed. 45 

Thus, in the write and erase tests for the flash memory, the 
pipeline of parts other than the arithmetic operations of the 
base arithmetic part 21B can be skipped, thereby reducing 
the time for the preprocess. In other words, the number of 
stages of the address generation pipeline is normally given so 
by the total number of N stages of the base arithmetic part 
21B, M stages of the destination arithmetic part 21D, and L 
stages of the address destination part 21S (namely, W=N+ 
M-rt.). However, since arithmetic operations on the M stages 
of the destination arithmetic part 2 ID and L stages of the 55 
address desaamble part 21S are skipped, addresses can be 
generated by the arithmetic operations on N stages of the 
base arithmetic part 21B. As described above, since the 
value of (M+L) is large, the time reduction of the test time 
of the flash memory test apparatus is large. 60 

Although the present invention has been shown and 
described with respect to a best mode embodiment thereof, 
it should be understood by those skilled in the art that the 
foregoing and various other changes, omissions, and addi- 
tions in the form and detail thereof may be made therein 65 
without departing from the spirit and scope of the present 
invention. 
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What is claimed is: 

1. An apparatus for testing semiconductor memories, 
comprising* 

pattern generating means for generating an address pat- 
tern of address signals each specifying an address of a 
memory under test, a test data pattern of test data 
signals to be written into addresses of said memory 
under test specified by said address signals, expected 
data to be compared with test data signals read out of 
specified addresses of said memory under test, and a 
control signal for controlling the operation of said 
memory under test, in accordance with a program for 
determining a sequence of pattern generation, and for 
applying said test data pattern, said address pattern, and 
said control signal to said memory under test, said 
control signal including an operation status control 
signal for controlling a write/read operation of data 
into/from said memory under test; 

comparing means, receiving data read out of said memory 
under test and said expected data, for comparing said 
data from said memory under test with said expected 
data and outputting a signal that represents a pass 
obtained as a result of the comparison therein when 
said data from said memory under test matches said 
expected data or outputting a signal that represents a 
fail obtained as a result of the comparison therein when 
said data from said memory under test does not match 
said expected data; 

inhibit signal holding means, connected to the output side 
of said comparing means, for holding said signal that 
represents a pass outputted from said comparing means 
and outputting the pass signal as an inhibit signal; 

inhibit gate means, receiving said inhibit signal from said 
inhibit signal holding means and responsive thereto, for 
inhibiting said operation status control signal from 
being supplied to said memory under test thereby 
preventing said test data pattern from being written into 
said memory under test; 

inhibit means, connected to the output side of said com- 
paring means, for inhibiting said signal that represents 
a pass or fail from said comparing means from being 
outputted when said inhibit signal is supplied to said 
inhibit means. 

2. The memory testing apparatus as set forth in claim 1, 
further comprising: 

a plurality of test channels in parallel, each of which 
comprises one said memory under test, said inhibit gate 
means, said comparing means and said inhibit signal 
holding means; and 
all-match detecting means, receiving signals outputted 
from all of said comparing means in respective test 
channels, for outputting a match flag to said pattern 
generating means when all the signals from said com- 
paring means are pass signals; and 
wherein said pattern generating means is adapted for con- 
trolling the pattern generating sequence depending upon 
whether or not the match flag is supplied thereto. 

3. The memory testing apparatus as set forth in claim 1, 
further comprising: 

waveform shaping means, connected to an output side of 
said pattern generating means, for shaping each test 
pattern supplied from said pattern generating means 
into a desired logical waveform and supplying it to said 
inhibit gate means; and 

driver means, connected to an output side of said inhibit 
gate means, for converting a test pattern of the desired 
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logical waveform received from said inhibit gate means 
into a real waveform having a desired voltage. 

4. The memory testing apparatus as set forth in claim 1, 
further comprising counting means for counting the number 
of occurrences of fail signals outputted from said comparing 5 
means and supplying, as a disaccord detection signal, a 
signal representing that the number of occurrences of fail 
signals is equal to a predetermined number of occurrences, 
to said inhibit signal holding means thereby disabling said 
inhibit gate means and said inhibit means. 10 

5. The memory testing apparatus as set forth in claim 4, 
wherein said pattern generating means is adapted to generate 
a clear signal and to supply it to said inhibit signal holding 
means when an address of the memory under test is updated 

so that said inhibit signal holding means cancels said inhibit 15 
signal held therein, whereby said inhibit gate means and said 
inhibit means are enabled. 

6. The memory testing apparatus as set forth in claim 4, 
further comprising: 

means for reading out a count value of said counting 20 
means; and 

fail analyzing memory means for storing said count value 
therein. 

7. An apparatus for testing semiconductor memories, 
comprising: ^5 

pattern generating means for generating a test pattern 
including at least a sequence of test data to be supplied 
to a memory under test and expected data to be com- 
pared with test data read out of said memory under test; ^ 

comparing means, receiving data read out of said memory 
under test and said expected data generated from said 
pattern generating means, for comparing said data from 
said memory under test with said expected data bit by 
bit and outputting decision information of plural bits, 35 
each bit representing a match or disaccord between said 
data from said memory under test and said expected 
data obtained as a result of the bit by bit comparison 
therein, said comparing means includes means for 
outputting, as an inhibit signal, a signal that represents ^ 
a match obtained as a result of the comparison in said 
comparing means when said data from said memory 
under test matches said expected data; 

a plurality of counting means, one for each bit of said 
decision information outputted from said comparing 45 
means, and being adapted for counting a number of 
occurrences of disaccord for an associated bit; 

inhibit gate means, receiving said inhibit signal from said 
means for outputting, for supplying said inhibit signal 
to said memory under test to control the operation of 50 
said memory; and 

counting means, connected to an output side of said 
inhibit gate means, for counting a number of control 
signals inputted into said memory for each address, 
said control signal being supplied to said memory 55 
under test through said inhibit gate means to enable the 
write operation of said memory. 

8. The memory testing apparatus as set forth in claim 7, 
further comprising means for reading out respective count 
values of said plurality of counting means. 60 

9. The memory testing apparatus as set forth in claim 8, 
further comprising a fail analyzing memory, connected to an 
output side of said means for reading out, for storing the 
respective count values read out of said counting means 
therein at corresponding addresses thereof. 65 

10. An apparatus for testing semiconductor memories, 
comprising: 
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a plurality of memories under test adapted for concur- 
rently undergoing an erase test in parallel; 

pattern generating means for generating a test pattern 
including at least a sequence of test data, expected data 
and a sequence of addresses, said test pattern being 
concurrently applied in parallel to each of said plurality 
of memories under test; 

a plurality of logical comparing means, each receiving 
data read out of a respective one of said plurality of 
memories under test and said expected data in a test 
pattern generated by said pattern generating means, and 
comparing said data from said one of said plurality of 
memories under test with said expected data, and 
outputting a fail signal obtained as a result of the 
comparison therein when said data from said one of 
said plurality of memories under test does not match 
said expected data or outputting a pass signal obtained 
as a result of the comparison therein when said data 
from said one of said plurality of memories under test 
match said expected data; 

OR fail detecting means, receiving signals outputted from 
all of said plurality of logical comparing means, for 
detecting whether or not each of the received signals is 
said fail signal and. if at least one of the received 
signals is said fail signal, outputting it as an OR fail 
signal; 

a plurality of signal holding means, each connected to an 
output side of a respective one of said plurality of 
logical comparing means, for holding the signals out- 
putted from said one of said plurality of logical com- 
paring means, respectively; and 

second detecting means, receiving the signals from said 
signal holding means, for detecting whether or not each 
of the received signals is said fail signal in a sequence 
of address generation in the test pattern generated by 
said pattern generating means and, if all of the received 
signals are said fail signal, outputting an AND fail 
signal that represents that all signals held in said signal 
holding means are fail signals, said pattern generating 
means including means for controlling a sequence of 
pattern generation depending upon the signals detected 
by and received from said OR fail detecting means and 
said second detecting means. 

11. The memory testing apparatus as set form in claim 10, 
wherein said pattern generating means comprises: 

a sequence control part for controlling a sequence of the 
test pattern; 

an address arithmetic part for generating an address 
pattern under the control of said sequence control part; 
an address save register for storing an address; and 
save/load control means for loading a fail address corre- 
sponding to the OR fail signal to said address save 
register and for supplying a fail address of said address 
save register to said address arithmetic part correspond- 
ing to the AND fail signal when a content of said 
respective one of said memories under test is erased at 
the same time. 

12. The memory testing apparatus as set forth in claim 11, 
wherein said pattern generating means comprises delay 
means for delaying an address generated by said address 
arithmetic part by a predetermined period of time, said 
predetermined period of time being selected to be substan- 
tially equal to a time interval from a time mat said address 
is supplied to said memory under test to a time that the OR 
fail signal and the AND fail signal reach said save/load 
control means, which are generated by said OR fail detecting 
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means and said second detecting means on the basis of the 
comparison results of said comparing means on data read 
out of said memory under test when said address is supplied 
thereto, and 

wherein said save/load control means is adapted to load a 
delayed address outputted from said delay means to said 
address save register when the OR fail signal is supplied to 
said save/load control means. 

13. An apparatus for testing semiconductor memories, 
comprising: 

pattern generating means for repetitively generating a 
sequence of addresses from an initial address to a last 
address in a desired sequence as well as generating a 
test pattern of test data to be written into a memory 
under test, expected data to be compared with test data 
read out of said memory under test, and a control signal 
for controlling the operation of said memory under test, 
and for applying the sequence of addresses, the test 
data, and the control signal to said memory under test, 
said control signal including an operation status control 
signal for controlling write/read operation of data into/ 
from said memory under test; 

logical comparing means, receiving data read out of said 
memory under test and said expected data, for com- 
paring said data from said memory under test with said 
expected data and outputting a decision signal that 
represents a match obtained as a result of the compari- 
son therein when said data from said memory under test 
matches said expected data or outputting a decision 
signal that represents a disaccord obtained as a result of 
the comparison therein when said data from said 
memory under test does not match said expected data; 

two fail analyzing memories successively receiving a 
sequence of addresses from said pattern generating 
means and adapted for being alternately switched 
between a read mode and a write mode every cycle of 
the sequence of addresses; 

inhibit gate means, receiving the last decision signal read 
out of one of said fail analyzing memories which is in 
a read mode at each of the sequence of addresses, and 
for inhibiting said operation status control signal from 
being supplied to said memory under test thereby 
preventing the data from being written into or being 
read out of said memory under test when said last 
decision signal is a match or supplying said operation 
status control signal to said memory under test thereby 
performing a write or read operation of the data into or 
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out of said memory under test when said last decision 
signal is a disaccord; and 
means for writing the decision signal outputted from said 
logical comparing means on data read out of said memory 
5 under test into the other of said fail analyzing memories 
which is in a write mode. 

14. The memory testing apparatus as set forth in claim 13, 
wherein said pattern generating means includes means for 
receiving said last decision signal read out of one of said fail 

10 analyzing memories, and skipping a cycle of applying the 
test data to said memory under test, a cycle of writing the test 
data into said memory under test and a cycle of reading the 
data out of said memory under test when said last decision 
signal is a match and immediately proceeding to a cycle of 

is updating an address to be generated. 

15. An apparatus for testing semiconductor memories, 
comprising: 

pattern generator means for generating a test pattern 
including at least test data to be supplied to a memory 
20 under test and expected data to be compared with test 
data read out of said memory under test; and 
logical comparator means, receiving data read out of said 
memory under test and expected data generated from 
^ said pattern generating means, for comparing said data 
from said memory under test with said expected data 
and outputting a fail signal when said data from said 
memory under test does not match said expected data 
or outputting a match flag signal when said data from 
30 said memory under test matches said expected data, 
said pattern generator means comprising an address 
generating part, said address generating part including: 
a base arithmetic part; 
a destination arithmetic part; 
35 an address descramble arithmetic part connected in 
cascade with said base arithmetic part and said 
destination arithmetic part; and 
a multiplexer having first and second inputs and one 
output and adapted for outputting a result of an 
40 address arithmetic operation, 

an output of said address descramble arithmetic part 
connected to said first input of said multiplexer and an 
output of said base arithmetic part connected to said 
second input of said multiplexer so that the output of 
45 said base arithmetic part is selectively outputted in a 
skip mode. 

* * * * * 
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